1. The effects of adenosine (50 fIM) and 2-chloroadenosine (1-25 /M) were studied on Ca2+ currents in frog motor nerve endings.
INTRODUCTION
The release of neural transmitter substances is extremely sensitive to the concentration of calcium ions in the bathing fluid (Dodge & Rahamimoff, 1967; Katz, 1969; Silinsky, 1981) . This Ca2+ sensitivity is due both to the events by which extracellular Ca2+ enters the cell through voltage-sensitive membrane channels and to the intracellular processes that promote secretion (for reviews, see Silinsky, 1985;  Augustine, Charlton & Smith, 1987) . Neurotransmitter secretion is modulated by substances released together with primary transmitters; these modulatory agents may act at Ca2+ channels or at the secretary apparatus (Silinsky, 1981 (Silinsky, , 1984 (Silinsky, , 1986 Tsien, Lipscombe, Madison, Bley & Fox, 1988; Man-Son Hing, Zoran, Lukowiak & Haydon, 1989; Nicoll, Malenka & Kauer, 1990) .
Adenosine derivatives subserve important neurotransmitter and neuromodulatory roles and have been implicated in the physiological and pathological control of nerve terminal function (Dunwiddie, 1985;  Phillis, 1985; Williams, 1987; Silinsky, 1989) . At motor nerve endings, adenosine derivatives are released together with ACh (Silinsky, 1975; Smith & Lu, 1991) and act via adenosine receptors at the extracellular surface of the nerve ending as negative feedback modulators of ACh release (Ginsborg & Hirst, 1972;  Silinsky, 1980; Ribeiro & Sebastiaa, 1987;  Bennett, Karunanithi & Lavidis, 1991) . Despite the suggestions that adenosine derivatives may be responsible for presynaptic neuromuscular depression (Silinsky, 1975; Meriney & Grinnell, 1991) , the specific target site for the inhibitory effect of adenosine on transmitter release is controversial. For example, it has been suggested that a subset of high threshold Ca2+ channels, those of the N-type, mediate neurally evoked transmitter release and also serve as the target site for inhibition of transmitter release by adenosine and other presynaptic modulators ; Hirning, Fox, McCleskey, Olivera, Thayer, Miller & Tsien, 1988; Lipscombe, Kongsamut & Tsien, 1989 ; but see Swandulla & Armstrong, 1988) . N-type channels are present exclusively in neurons and are irreversibly blocked by w0-conotoxin but are insensitive to 1,4-dihydropyridines. It has been reported that Ca2+ currents through N-channels in cultured neuronal soma are inhibited by adenosine analogues (Dolphin, Forda & Scott, 1986; Gross, MacDonald & Jastrow, 1989) . These results raise the possibility that adenosine inhibits evoked ACh release because it reduces the opening of N-channels. Against such an interpretation are the arguments that adenosine also reduces spontaneous quantal ACh release (Ginsborg & Hirst, 1972; Silinsky, 1980; Chen, Singh & Dryden, 1989 ), a form of secretion which has little to no dependence upon extracellular Ca21 (Kerr & Yoshikami, 1984; Silinsky, 1985; Sano, Enomoto & Maeno, 1987 ; but see Grinnell & Pawson, 1989) . In addition, adenosine receptor agonists inhibit ACh release evoked by methods that bypass active Ca21 channels (Silinsky, 1984) .
Preliminary results suggest that the entry of Ca2+ through N-type Ca2+ channels elicits evoked ACh release in frog motor nerve endings (Kerr & Yoshikami, 1984; Arnon, David, Hevron & Yaari, 1988; Robitaille, Adler & Charlton, 1990; Molgo, Del Pozo, Banos & Angaut-Petit, 1991) . It would thus appear of interest to confirm the presence of N-type Ca2+ currents in this species and to examine the effect of adenosine on such currents in the hope of providing further information on the mechanism by which this purine inhibits transmitter release. In this study the effects CALCItE3I CURRENTS AND ADENOSINE AT NERVE ENDINGS 317 of adenosine receptor agonists were examined on Ca"+ currents associated with synchronous, evoked ACh release by nerve impulses and on asynchronous ACh release evoked by K+ depolarization in a reverse Ca21 gradient. The results suggest that inhibition of Ca2' entry into frog motor nerve endings is not the primary mechanism by which adenosine inhibits ACh release.
METHODS

General electrophysiological procedures
Cutaneous pectoris nerve muscle preparations with their attached nerve supply were dissected from the frog (Rana pipiens) and superfused with flowing Ringer solution. Suprathreshold electrical stimuli were applied to the proprialis pectoris nerve trunk via a suction electrode at frequencies ranging from 005 to 1 Hz. Evoked response (Ca2+ currents or endplate potentials, EPPs) were generally recorded using a conventional high-input impedance microelectrode preamplifier (WP Instruments). A patch clamp amplifier was also used in some of the studies of Ca2+ currents (see e.g. Mallart, 1985) . Responses were averaged either by microcomputer (using an IBM ATcompatible computer, TL-1 interface and pCLAMP software, Axon Instruments, Burlington, CA, USA) or minicomputer (LSI 11/73, Cambridge Digital, using a 125 kHz 14-bit A/D-12 bit D/A converter). Hard copy of the digitalized traces were either made on an X-Y plotter or a LaserJet Printer (Hewlett Packard Series II or III). Generally, ASCII files from pCLAMP were first imported to a spreadsheet program for data organization (Quatro Pro, Borland) before importing into Sigma Plot 4.0 (Jandel) for hard copy.
In the studies in which quantal transmitter release was measured under conditions reported to produce reverse Ca2+ concentration gradient (using 1 mm EGTA Ringer solution with no added Ca2+), miniature endplate potentials (MEPPs) were recorded intracellularly and the MEPP frequencies and amplitudes determined by an automated procedure using the LSI computer in conjunction with a circulating buffer. This 'mepp-o-matic' analysis employs a FORTRAN program that uses an adjustable algorithm based upon the characteristic initial slope of the rising phase to detect an event. This program is interactive. After each second of data analysis, we visually checked the computer's computation regarding the MEPP peak and the number of MEPPs in that interval before allowing the calculation to proceed. At the end of the run, the program calculates the mean and standard deviation of the MEPP frequency as well as plotting histograms of MEPP amplitude distributions. The MEPPs were first recorded on magnetic tape (Indec IR2 Instrumentation Recorder) prior to analysis by minicomputer. In some experiments, MEPPs were digitized using the TL-1 interface and Axotape software (Axon Instruments), again employing Quatro Pro and Sigma Plot for formation of histograms and hard copy.
Measurements of Ca2+ currents Ca2+ currents associated with synchronous, phasic ACh release were recorded by two methods after blockade of a proportion of the K+ channels. The first method involved recording from within the perineurium using microelectrodes of 5-15 MQ resistances filled with normal Ringer solution of 2 M NaCl. The perineural electrode was positioned under visual control near small axon bundles at the termination of the myelin sheaths. The perineurium was then gently penetrated; a steady 3-11 mV deflection (generally negative) was associated with a successful positioning of the electrode for recording of perineural currents. In the second method, patch electrodes (1-3 MQ resistances) were fabricated using a three-stage pull on a Flaming-Brown microelectrode puller (Sutter Instrument Co), fire-polished (Narashige, Instruments) and filled with Ringer solution or with 1-2 M NaCl. The patch electrode was then cautiously pressed against an individual nerve ending at the junction of the myelinated and non-myelinated axon (the heminode) under 400-500 x magnification using bright-field or phase-contrast optics. Mild collagenase treatment was employed prior to patch electrode recording (see Mallart, 1984) . Heminodal currents recorded with a patch electrode are similar in shape but of smaller amplitude than those recorded with a perineural electrode (Mallart, 1984 (Mallart, , 1985 .
The electrical deflections associated with nerve terminal Na+, K+ and Ca2+ currents arise from local circuit currents (I) flowing across the extracellular resistance (R) within the perineurium; i.e. they are due to the IR or voltage drop (voltage change) between the recording pipette and the reference electrode. Such currents therefore represent the time course but not the true value of membrane ionic currents. For the convenience of the reader, we will briefly describe certain aspects of these cationic currents not discussed in the Results. The first detectable deflection after the stimulus artifact represents the passive discharge of the nerve terminal membrane near the beginning of the non-myelinated axons by the currents associated with the propagating action potential (Fig. 1A, arrow) . The first inward deflection is due to the tetrodotoxin-sensitive Na+ current in the final node of Ranvier and the early part of the preterminal non-myelinated axon ( Fig. 1 A, Na+) . The later downward deflection, present only in the lowest of the three traces, is produced by a set of K+ channels termed the delayed rectifier (Fig. 1A, K+) . K+ currents are inward in these traces as the majority of K+ channels are distributed in the middle of the unmyelinated axon distal to the site of recording (see e.g. Mallart, 1984) . Thus the local circuit flow of outward current K+ from regions beyond the recording electrode is reflected as an inward current at the recording site. Ca2+ currents (Fig. 1A , Ca2+) were recorded after blocking K+ channels with 3,4-diaminopyridine (DAP) and/or tetraethylammonium (TEA). For details of the Ca2+ currents, recorded as outward currents under the conditions of these experiments, see Results.
Because these currents are really voltage changes across the extracellular resistance, we have not included vertical calibrations in most of the figures. Care was taken, however, (i) to ensure that multiple traces for each part of a figure were presented at the same amplification, and (ii) to report the magnitude of the extracellular voltage drop in the figure legend. Perineural Ca2+ currents, when flowing across the extracellular and perineural resistances, generally produced a 0-8-2 mV voltage change in the resistance between recording and reference electrodes. Current amplitudes were highly sensitive to electrode position, however. Indeed, in some experiments a general decline of both the Na+ and Ca2+ currents was observed; such experiments were not included in the data reported herein.
In a few experiments, patch recordings were made from the end of the nerve terminal rather than upstream at the heminode and these were mirror images of the perineural and heminode currents (see Mallart, 1985; Anderson & Harvey, 1987; Penner & Dreyer, 1986; Lindgren & Moore, 1989) . Unfortunately, the signal-to-noise ratio was so low at the nerve terminals in frog cutaneous pectoris that we concentrated our efforts on the recording of perineural and heminodal currents (see Mallart, 1985) . Measurements of perineural and heminodal currents also allow direct comparisons with currents described previously in this preparation as no records of Ca2+ currents from ends of such terminals have been published. The Ca2+ current may be contaminated to a limited degree (generally less than 25%) by Na+ currents and by the passive current flow associated with the repolarization of the nerve ending (see e.g. Hamilton & Smith, 1991 in rat; Molgo et al. 1991 in frog). For example, the current in Fig.1B , w-conotoxin was not further reduced by adding Co2+ or removing extracellular Ca2+, suggesting that w-conotoxin was producing a maximal inhibition of Ca2+ currents and that the remainder of the upward tracing, in Fig. 1B , represents such a contamination. Because of this impurity in the current trace, the elimination of repetitive firing of Ca2+ currents (see Fig. 1B , Results) appeared to be a better indicator of complete Ca2+ channel block than the total obliteration of the upward deflection. To isolate the Ca2+ components in some experiments where precise quantitation was required, currents recorded in the presence of 5 mM Co2+ were digitally subtracted from the control current. Statistical methods Statistical procedures were as described previously (see Silinsky, 1984 Silinsky, , 1987 . In the experiments in which Ca2+ currents were measured, a specified number of traces (usually 10-64 in the perineural experiments) were averaged to reduce the coefficient of variation of the Ca2+ currents to <5 % (see e.g. legend to Fig. 3 ). In studies on MEPP frequencies, statistically significant differences were generally observed at P < 001. In instances where significance was at the P <0'05 level, this is stated in the text. MEPP frequencies are reported per second with error estimates presented as + 1 standard error of the mean (s.E.M.).
Composition of solutions and chemicals
Physiological saline solutions were applied continuously by superfusion using a flow pump (Masterflex) for both delivering and removing solution. Normal frog Ringer solution contained (mM): NaCl, 115; KCl, 2; CaCl2, 1-8; NaHCO3, 2 or HEPES 2 (pH 7 2-7 4). Tubocurarine chloride (TC, 25-40 mg 1-1) was employed to eliminate endplate currents completely in the perineural and patch electrode experiments and to reduce the endplate potential (EPP) below threshold for action 318 CALCIUM CURRENTS AND ADENOSINE AT NERVE ENDINGS 319 potential generation in the experiments of Fig. 2B . In experiments in which Ca2+ currents were measured, DAP (100 jM) and/or TEA (1 mM) were employed to reduce or eliminate K+ currents in the motor nerve ending (Mallart, 1984) . In some experiments, repetitive firing was eliminated with 100 #M procaine (e.g. Molgo et al. 1991 Shimoni, Alnaes & Rahamimoff, 1977) . Addition of sucrose (50 mM) elevates the cytoplasmic Ca2+ concentration to the micromolar range and produces a reverse gradient for Ca2+ (Shimoni et al. 1977) . This is presumably produced by sucrose stimulating Na+ entry into the cell, and subsequently Na+-Ca2' exchange increasing intracellular Ca2+ (Zucker & Lando, 1986) . Ringer solution devoid of Ca2+ and containing 1 mm EGTA and 50 mm sucrose will be referred to as 'reverse gradient Ringer solution' (see Results and legend to Fig. 4) .
Most drugs were obtained from the Sigma Chemical Company. w-Conotoxin GVIA was purchased from Calbiochem Corporation and DAP purchased from Sigma or ICN Pharmaceuticals. Either adenosine or 2-chloroadenosine were employed as adenosine receptor agonists. 2-Chloroadenosine is a potent adenosine receptor agonist that is not a substrate for uptake or deamination at motor nerve endings (for justification, see Silinsky, 1984; Ribeiro & Sebastia6, 1987) .
RESULTS
General observations on the Ca2+ currents associated with neurally evoked ACh release Typical Na+ and K+ currents recorded from the perineurium of frog motor nerve endings in normal physiological saline solutions are illustrated in Fig. IA (lowest trace). The reader is referred to Gundersen, Katz & Miledi (1982) , Mallart (1984) , Hevron, David, Arnon & Yaari (1986) , Anderson, Harvey, Rowan & Strong (1988) , Molg6 et al. (1991) and to the Methods section of this paper for additional details of these univalent cationic currents. Ca2+ currents were not detectable without prior elimination of K+ currents. Figure IA illustrates the progressive blockade of the K+ currents and the appearance of Ca2+ during superfusion with 100 /M 3,4-diaminopyridine (DAP) + 1 mm tetraethylammonium (TEA) to block K+ currents, Note the elimination of the K+ current and the appearance of an outward Ca2+ current (Fig. 1A and B, Ca2+) . These Ca2+ currents are outward (upward) deflections in perineural recordings as they represent the inverted replica of the inward Ca2+ current initiated at the nerve ending, the site of highest Ca2+ channel density (Mallart, 1984; Penner & Dreyer, 1986; Lindgren & Moore, 1989) . All experiments on neurally evoked Ca2+ currents were made using TEA and/or DAP to block K+ currents.
Continued superfusion with K+ channel blockers generally caused repetitive firing. Figure 1B (control trace) illustrates repetitive activation of Ca2+ currents evoked by a single presynaptic stimulus. Such repetitive firing is directly related to the magnitude and duration of Ca2+ entry as it is thought to be produced by the sustained depolarization associated with prolonged Ca2+ entry which in turn generates a plateau action potential at the nodes of Ranvier (Gundersen et al. 1982;  Molgo6 & Mallart, 1985) . The degree of repetitive firing may thus be used in conjunction with the amplitude of the first phasic Ca2+ current to assess changes in Ca2+ entry into motor nerve endings.
The Ca2+ channels of the motor nerve terminal appear to be of the N-type. Control w-coflotoxin 6 ms Fig. 1 . General observations on Na+, K+ and Ca2+ currents recorded from frog motor nerve endings. In A, the three superimposed traces illustrate the progressive elimination of K+ currents and the appearance of Ca2+ currents during superfusion with 1 mm TEA and 100 1M 3,4-DAP. Middle trace in A was made 5 min and upper (Ca2+) trace 12 min after beginning of superfusion with TEA and DAP. The inward (downward) Na+ currents were measured as a -3-7 mV voltage change between recording and reference electrode. The local circuit invasion of the propagating action potential to the recording site is indicated at the arrow. Stimulus artifact appears at the beginning of the traces. Further details of these currents may be found in the Methods. B shows a fully developed control Ca2+ current from another experiment under the same conditions as A (left-hand trace) and its inhibition after 20 min of superfusion with 2-5 AM w-conotoxin (right-hand trace). Each trace is the average of sixty-four stimuli. Note the repetitive firing of Ca2+ currents in the control condition (arrows, see Results) and the reduction in peak and elimination of repetitive firing by co-conotoxin. The peak of the first control Ca2+ current was associated with 1 mV voltage change (measured from the baseline level). C shows that increasing the extracellular Ca2`concentration from 1 8 to 3-6 mm increases both the phasic Ca2+ current and the Ca2+ current associated with repetitive firing of the nerve ending. Each trace is the average of sixty-four stimuli. Downward Na+ currents, offscale at this amplification, were not affected by this change in extracellular Ca2 . Peak phasic Ca2+ current in 36 mM Ca2+ produced a 1-5 mV voltage change, which represented an increase of 25 % over the level in 1-8 mm Ca2+.
currents is similar in time course and magnitude to its inhibitory effects on evoked ACh release from frog motor nerve endings at the same concentration (Kerr & Yoshikami, 1984; Sano et al. 1987; Robitaille et al. 1991) . It has recently been found that w-conotoxin conjugated to a fluorescent probe is an effective tool for labelling Ca2+ channels in this species (Robitaille et al. 1991) .
Changes in the extracellular Ca21 concentration also affected the phasic Ca2+ current. Figure 1 C shows that increasing extracellular Ca2+ concentrations from normal (P18 mM) to 316 mm increased the size of the Ca2+ current by 25 %. In contrast, 320 CALCIUM CURRENTS AND ADENOSINE AT NERVE E.NDINGS 321 removing Ca2" from the extracellular solution or adding C(d21 (100 /tM1 mM) or C02+ (500 /,M-5 mM) reduced or eliminated the Ca21 current (data not shown, see Arnon et al. 1989) . Current through Ca2+ channels may also be recorded when Sr2+ is substituted for Ca2+ (see Fig. 3 extracellular concentration of divalent cations on Ca2+ currents are similar to the effects of such changes on evoked ACh release (for review see Silinsky, 1985) . With respect to organic Ca2+ antagonists, both Ca2+ currents and evoked ACh release from frog motor nerve endings are insensitive to 1,4-dihydropyridines (Augustine et al. 1987; Sano et al. 1987; Arnon et al. 1988; Grinnell and Pawson, 1989) . The results of this section confirm previous findings that Ca2+ currents of surprising signal-to-noise ratio may be recorded from the perineurium of frog motor nerve (Gundersen et al. 1982; Anderson et al. 1988) . These currents fulfil the pharmacological criteria for N-type Ca2+ channels and for the Ca2+ channels responsible for evoked ACh release (see e.g. Robitaille et al. 1990 ).
Adenosine receptor agonists do not affect Ca2+ currents associated with neurally evoked ACh release
In the first series of experiments with adenosine, we used only DAP (100 /tM) to produce modest K+ channel blockade in order to study the effects of adenosine derivatives on Ca2+ current and evoked ACh release in parallel experiments. Figure  2A shows superimposed averages of the same nerve terminal before and after adenosine. Note that adenosine (50 /tM) fails to alter perineural Ca2+ currents under conditions in which it antagonizes evoked ACh release (Fig. 2B, EPPs) .
The remaining experiments were made in the presence of 100 ,am DAP +1 mm TEA E. M. SILINSKY AND C. S. SOLSONA to block K+ channels (see e.g. Mallart, 1984) and the results were similar results to those shown in Fig. 2A . In a total of nine experiments, adenosine analogues failed to inhibit the current through Ca2`channels or to decrease the degree of repetitive firing, whilst addition of a Ca2+ channel blocker or reduction in the extracellular Ca2+
Sr2`currents 2-Chloroadenosine , 0Ms ,Control reduced these currents and eliminated repetitive firing in the same experiment. One such experiment, using Sr2+ (1-8 mM) as the current carrier is shown in Fig. 3 . Note the near superposition of the Sr2+ currents before and after treatment with 2-chloroadenosine suggesting that this adenosine analogue does not interfere with currents through N-type channels carried by Sr2 . Under these conditions this concentration of 2-chloroadenosine produces its maximal inhibitory effects on Sr2+_ mediated ACh release (see Silinsky, 1981 Silinsky, , 1986 ).
Adenosine derivatives inhibit ACh release and Ca2+ channel antagonists increase ACh release in a reverse Ca2+ concentration gradient Adenosine analogues also inhibit asynchronous ACh release evoked by increasing the extracellular K+ concentration (Silinsky, 1988) . While Ca2+ currents evoked by K+ depolarization cannot be measured in frog motor nerve endings, an indirect means of studying the effect of adenosine on Ca2+ movements is provided by reversing the electrochemical gradient for Ca2+ from inward to outward. In contrast to the stimulatory effects of K+ depolarization on MEPP frequency in normal Ca2+ solutions (Ceccarelli & Hurlbut, 1980; Silinsky, 1988) , K+ depolarization in a reverse Ca2+ gradient reduces MEPP frequency (Rotshenker, Erulkar & Rahamimoff, 1976; Shimoni et al. 1977; Zucker & Lando, 1986) . This depression in MEPP frequency is explained by the departure of Ca2+ from the nerve ending down its concentration gradient, reducing its availability to promote the secretary process (e.g. Zucker & Lando, 1986) . If this interpretation is valid and adenosine inhibits ACh release by blocking Ca2+ currents, then adenosine should increase ACh release under a reverse Ca2+ gradient by blocking the exit of Ca2+ from the nerve ending, thus preventing the loss of Ca2+ from strategic subplasmalemmal regions associated with secretion. If adenosine acts by a mechanism unrelated to Ca2+ entry, then it should continue to inhibit ACh release even in a reverse Ca2+ gradient. cytoplasmic Ca2+ concentration (see Methods and Shimoni et al. 1977) . Depolarization by high K+ (22 mM), which in normal-Ca2+ Ringer solution produces thousandfold increases in MEPP frequency (see e.g. Silinsky, 1988; Fig. 1; Ceccarelli & Hurlbut, 1980) , reduced MEPP frequency by approximately 50% in this reverse Ca21 gradient. Figure 4 shows that adenosine (50 /M) inhibited transmitter release even when nerve endings are depolarized in a reverse Ca2+ gradient. Figure 5 illustrates the distinction between the effect of Ca2+ channel block and the effect of an adenosine receptor agonist in a reverse Ca2+ gradient. The control data in the graph of Fig. 5A Silinsky, 1988) . The striking differences between Ca2+ Fig. 2 and Silinsky, 1981) yet produces measurable changes in the peak Ca21 current and the degree of repetitive firing (Fig. 1 C) . It might also be argued that conditions required to measure phasic Ca21 currents would preclude measurements of the inhibitory effects of adenosine. For example, adenosine might block Ca2+ entry indirectly by increasing K+ conductance, thus hyperpolarizing the nerve ending and reducing Ca2+ entry. As K+ channels are blocked by TEA + DAP in these experiments, no effect of adenosine might be observed. This argument is likewise untenable as similar concentrations of DAP (Fig. 3) or TEA + DAP (Silinsky, Hunt, Solsona & Hirsh, 1990) do not affect the inhibition of transmitter release by adenosine. Furthermore, K+ currents in this preparation are not affected by adenosine either measured focally (Silinsky, 1984) or by perineural recording (E. M. Silinsky & C. S. Solsona, unpublished observation). Finally, adenosine inhibits ACh release in the presence of sufficient concentrations of Ba2+ to block many types of K+ channels (Silinsky, 1984) .
With respect to changes in ACh secretion produced by K+ depolarization, the experiments conducted under a reverse Ca2+ gradient demonstrate qualitative differences between Ca2+ channel block and the effects of adenosine; Ca2+ channel antagonism increased ACh release and adenosine receptor activation inhibited ACh release. These experiments were made under the assumption that the direction of changes in MEPP frequency in high-K+ solutions reflects the direction of the Ca2+ current. Support for this contention is found in studies in which tetanic nerve stimulation under reverse gradient conditions without added sucrose also inhibited ACh release (Rotshenker et al. 1976) . Furthermore, when corrections are made for the presence of Mg2+, the potency of Co2+ to stimulate MEPP frequency under reverse gradient is similar to its potency as an inhibitor of ACh release under normal conditions in the same preparation (compare Fig. 5 with Crawford, 1974 and Silinsky, 1978) .
The results of this study suggest that adenosine inhibits ACh release at a target site beyond membrane ionic channels. The outcome is consistent with earlier suggestions in frog and electric fish that adenosine receptor activation inhibits ACh release by decreasing the ability of Ca2+ to promote secretion (Silinsky, 1981 (Silinsky, , 1984 (Silinsky, , 1986 Muller, Loctin & Dunant, 1987) . In frog, this effect is likely to be mediated by Al adenosine receptors independently of phosphorylation via protein kinases A or C .
In rat motor nerve, whilst some have argued for an intracellular target site for the inhibitory effects of adenosine (Ginsborg & Hirst. 1972 ), a recent paper has shown that adenosine (50 /tM) decreases Ca2+ currents in 10 mm TEA by 290% (Hamilton & Smith, 1991) . The relationship of this effect on Ca2+ currents to the inhibition of ACh release by adenosine is unknown. It could be that Ca2+ channels in rat are of a different type than in frog (e.g P-channels sensitive to funnel web spider toxin; Llinds, Sugimori, Lin & Cherksey, 1989) . It should be noted, however, that modest inhibitory effects of presynaptic modulators on Ca2+ currents are observed in other systems under conditions in which the predominant inhibitory effect on ACh release is due to an action on the secretary apparatus (see Man-Son Hing et al. 1989, discussed below Luini & De Matteis (1990) have shown that somatostatin inhibits the Ca2+-dependent secretion of ACTH by an action independent of both membrane cationic channels and of changes in intracellular Ca2+ levels. Somatostatin may have a similar effect in inhibiting insulin secretion from insuloma cells (Ullrich, Prentki & Wollheim, 1990) . Finally, recent results of Scholz & Miller (1992) demonstrate that adenosine receptor activation can inhibit excitatory synaptic transmission in hippocampal cultures by an action downstream from Ca2+ entry.
In conclusion, the inhibition of ACh release by adenosine from frog motor nerve endings is not a consequence of alterations in Ca2' entry. From the above discussion, it also appears that the mechanism originally suggested for the inhibitory effects of adenosine on ACh release (Silinsky, 1981 (Silinsky, , 1984 , namely that adenosine impairs the ability of Ca21 to activate the secretary process, may be generally applicable to a number of secretary systems and modulatory substances.
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